The Laramie River after flowing in a north direction through southeast Wyoming's Laramie Basin abruptly turns in an east direction to flow across the north-to-south oriented Laramie Range in a bedrock-walled canyon and eventually reaches the lower elevation Great Plains and southeast-oriented North Platte River. The North Laramie River, Bluegrass Creek, and North Sybille/Sybille Creek also flow from the Laramie Basin in separate bedrockwalled valleys into the Laramie Range before eventually joining the Laramie River. Bedrock-walled through valleys link the various Laramie Range stream and river crossing valleys and detailed topographic maps were used to determine how this anastomosing bedrock-walled canyon complex and the large escarpment-surrounded Goshen Hole basin (located just to the east of the anastomosing canyon complex) originated. Map evidence shows multiple streams of water must have diverged in the Laramie Basin from the northoriented Laramie River to enter the Laramie Range before converging in or east of the Laramie Range and also shows how present day through valleys enabled diverging and converging streams of water to cross the Laramie Range. The anastomosing bedrock-walled valley complex studied here extends from north of the North Laramie River valley to south of the North Sybille/ Sybille Creek valley. Large volumes of water flowing from the Laramie Basin to the Great Plains are interpreted to have eroded the anastomosing canyon complex and the "downstream" Goshen Hole escarpment-surrounded basin.
Introduction
J Harlan Bretz was one of the first to recognize the significance of anastomosing bedrock-walled valley complexes. In 1927 [1] when describing the Channeled Scablands of Washington State (USA) he stated, "Canyons in the scablands are multiple and anastomosing, amazingly so in labyrinthine fashion about bare rock knobs and buttes unlike any other land surface on the earth. Certainly but few of these canyons are inherited from the older [drainage] pattern." Bretz used the anastomosing canyons as one piece of evidence that an immense flood [later determined to be caused by the catastrophic failure of an ice dam holding back Glacial Lake Missoula] had crossed the region. According to Baker [2] , who subsequently studied the region, "Anastomosis occurs in the Channeled Scabland because pre-flood valleys did not have the capacity to convey the Missoula Flood discharges without spilling over pre-flood divides into adjacent valleys.
This crossing of divides produces the effect of channels dividing and rejoining" even though the channels are deeply eroded into the bedrock.
Following acceptance of Bretz's catastrophic flood hypothesis diverging and converging bedrock-walled valley complexes have contributed to discovery of several other significant catastrophic flood events. For example Kehew [3] proposed rapid drainage from Glacial Lake Regina (in Saskatchewan, Canada) overwhelmed existing drainage systems and carved an anastomosing complex of diverging and converging channels in glacial sediments and the easily eroded underlying north central North Dakota bedrock. Most catastrophic flood events identified by the presence of anastomosing complexes of bedrock-walled valleys are also located in or near glaciated regions and the responsible flood events are almost always associated with the rapid release of water from large glacially dammed lakes. However, anastomosing complexes of diverging and converging bedrock-walled valleys also exist far from known ice sheet boundaries and in regions far from any recognized glacially dammed lakes. One such example is the anastomosing complex of bedrock-walled valleys that crosses southeast Wyoming's high altitude Laramie Range, which this paper describes and analyzes. Great Plains (east) and its north end curves in a northwest direction to the Casper area so it is also located between the Laramie Basin (south) and the Powder River Basin (north). The Laramie Range is often considered a northward extension of the Colorado Front Range and serves as Wyoming's frontal range.
Thornbury [5] describes the Laramie Range as "a broad asymmetrical anticlinal structure with a steeper east than west limb, [and] Basin from the lower elevation Great Plains. The Laramie Range core bedrock in the most intensely eroded region is an intruded Laramie anorthosite complex [6] [7], which is different from the granite core found to the south and the Precambrian rock core found to the north. The Laramie anorthosite complex may be easier to erode than the Laramie Range bedrock core to the south and north, although bedrock differences do not account for the multiple Laramie Range stream crossings.
Previous Work
Mears [8] investigators have yet to do so.
More recent studies of Rocky Mountain and western Great Plains stream incision usually fail to mention canyons now cutting across various Rocky Mountain ranges such as the Laramie River system of canyons this paper discusses or the drainage history problems such the one raised by Mears. One such study [9] analyzed post-depositional tilt of the Ogallala Group (Miocene through early Pliocene in age) on the Cheyenne Tablelands, which are adjacent to and east of the Laramie Range and located just to the south of the region this paper describes. That study sought to determine how climate and tectonics affected post-depositional slope change. The study found "tilting of the Cheyenne Tablelands is most consistent with broad-wavelength tectonic uplift centered under the Rocky Mountains initiated during Ogallala deposition and continuing since deposition ceased." However the paper does not mention the diverging and converging pattern of through valleys discussed here, or similar anastomosing valley patterns found throughout the Cheyenne Tablelands area, nor does it mention the Goshen Hole escarpment-surrounded basin, which is located just to the north of the Cheyenne Tablelands.
Another study involving some of the same authors [10] 
Research Method
The The study described here focused on the Laramie Range area where streams flow across it and used detailed topographic maps obtained from the United States Geological Survey (USGS) National Map website [14] to document how valleys now crossing the Laramie Range form an anastomosing complex of diverging and converging bedrock-walled valleys used today by multiple east-oriented Open Journal of Geology streams. In addition to describing each Laramie Range stream crossing valley the study also investigated each valley separately to determine how it is linked both upstream and downstream with the other Laramie Range stream crossing valleys. Approximate depths of stream crossing and other through valleys where they enter the Laramie Range were determined and compared with Laramie Basin linkages between the stream crossing valleys while approximate drainage divide elevations on floors of Laramie Range through valleys (that link the various stream crossing valleys) were determined and compared with their respective through valley depths. The large escarpment-surrounded Goshen Hole basin is located immediately to the east of the diverging and converging through valley complex, which suggests a relationship between the two features. The similarity between the Goshen Hole escarpment-surrounded basin and several South and North Dakota escarpment-surrounded basins was noted and used to suggest that large and prolonged east-oriented floods eroded both the Goshen Hole basin and the upstream diverging and converging bedrock-walled valley complex. The studied topographic map evidence was not adequate to determine a water source, although large and prolonged floods of continental ice sheet melt water flowing across an emerging Rocky Mountain region are considered a likely source for the required large volumes of water.
Results

North Laramie River Bedrock-Walled Valley
Today the North Laramie River is the northernmost of the streams crossing the Laramie Range. Figure 2 how southwest-oriented tributaries join the south-oriented North Laramie River headwaters and suggest headward erosion of that south-oriented valley captured southwest-oriented streams and perhaps the present day northeast-oriented North Laramie River segment itself originated as a southwest-oriented stream and subsequently changed its flow direction. Supporting such an interpretation Blackstone [15] described rounded boulders in the Laramie Basin northeast corner (and in the North Laramie River headwaters area) "in a fanlike arrangement opposite the mouths of southwestward flowing drainages… The size of the boulders decreases rather regularly away from the mountain front, but no well-exposed bedded deposits have been observed. The age of these boulders has been variously interpreted as Paleocene, Eocene, Oligocene, and Pleistocene." He suggests the boulders may have been deposited during a period of high Pleistocene precipitation, although Mears argues periglacial wedges in the non-glaciated Laramie Mountains suggest Pleistocene precipitation was no greater than at present. Whatever their age the boulders and the southwest-oriented North Laramie River tributaries suggest large volumes of southwest oriented water probably once flowed from or across the Laramie 
Duck Creek Bedrock-Walled Valley
The east oriented Duck Creek valley seen in Figure 2 These and other similar examples suggest the east-oriented Duck Creek valley eroded headward across multiple streams of southwest-oriented water and diverted that water to the east-oriented Laramie River valley and that subsequently other east-oriented Laramie River tributary valleys, including the Dry Laramie River valley, eroded headward into the region to capture south-and south-Open Journal of Geology west-oriented water moving to the newly eroded Duck Creek valley with headward erosion of the deeper North Laramie River valley finally capturing all of the south-and southwest-oriented flow. If correctly interpreted headward erosion of the deeper east-southeast oriented Duck Creek valley segment captured southsouthwest oriented water moving in the through valley identified by the letters A and C and diverted that water eastward toward the Great Plains. Such a capture probably occurred while water in the Laramie Basin was still moving in a south direction and would have beheaded flow moving in the through valley identified by the letter C and reversed flow on the northeast end of that valley so as to create what is today the northeast oriented Duck Creek segment now on that through valley floor. The capture also enabled the east-southeast oriented Duck Creek valley to capture the previously described and reversed northeast and southeast oriented Duck Creek headwaters segment.
Laramie River Bedrock-Walled Valley
Today the Laramie River (seen in Figure 1 and Figure 3 ) is the only stream draining any significant Laramie Basin area that also flows across the Laramie Range. However, while the north oriented Laramie River drains the southern Laramie Basin the north-and west-oriented Medicine Bow River drains much of the northern Laramie Basin. The Laramie River has an elevation of about 6900 feet (2100 meters) where it enters the Laramie Range and the highest Laramie Range crest elevations between Duck Creek and the Laramie River are about 7850 feet (or slightly less than 2400 meters). Interestingly the drainage divide between the Laramie River and Medicine Bow River (Rock Creek) to the west of where the Laramie River turns to leave the Laramie Basin and to enter the Laramie Range has an elevation of less than 7000 feet (2134 meters). The letter D in Figure 3 identifies a man made tunnel used to move irrigation water from the Laramie River to the lower elevation Bluegrass Creek valley (Figure 4 provides a detailed topographic map of the location D area). Today both Bluegrass Creek and the Laramie River flow completely across the Laramie Range with Bluegrass Creek originating in the Laramie Basin adjacent to the Laramie River and then flowing to Sybille Creek, which joins the Laramie River once on the Great Plains. The large lake in Figure 4 is one of several irrigation project water storage reservoirs. The letters B and C identify previously discussed through valleys that are also shown in Figure 2 .
As seen in Figure 1 and Figure 3 the Laramie River flows in a north direction along the Laramie Range west flank before turning abruptly in an east direction to enter the Laramie Range even though the previously discussed north-northeast oriented through valley (at the letter "C") continues to the Duck Creek and North Laramie River valleys. Also notice how the east oriented Laramie River once it is in the heart of Laramie Range turns to join the east oriented Duck Creek valley (better seen in Figure 2 ) before resuming its east oriented direction to reach the Great Plains. Before being captured by headward erosion of the east-oriented Laramie River valley (and Duck Creek valley) water probably flowed in a south-southwest direction in the through valley at the letter C to enter the Laramie Basin while the east-oriented Duck Creek and Laramie River valleys were still eroding headward into the Laramie Range. At that time water must also have flowed in a south direction once in the Laramie Basin and continued southward into Colorado. Today the lowest drainage divides at the Laramie Basin south end are at least 1000 feet (305 meters) higher than where the Laramie River turns enter the Laramie Range, which means Laramie Basin drainage has since been reversed. Crustal warping probably raised the Laramie Basin Figure 4 provides a detailed map of the location D area (seen in Figure 3 ) and shows where the Wheatland Tunnel diverts Laramie River water to the Bluegrass Creek valley [17] . The Laramie River is at the top while Bluegrass Creek is at the bottom. A low dam diverts Laramie River water into the Wheatland Tunnel and then to south oriented Tunnel Creek, which flows to Bluegrass Creek. Several northwest-to-southeast oriented through valleys link the Laramie River valley with Bluegrass Creek tributaries. The Laramie River crosses the 6500-foot Note how the entire Laramie River-Bluegrass Creek drainage divide area has been streamlined in a northwest to southeast direction suggesting intense erosion by large volumes of southeast-oriented water moving from the upstream Laramie River valley to the downstream Bluegrass Creek valley. This evidence suggests the Laramie River valley (in this region) eroded headward across massive southeast-oriented volumes of water moving to what at that time was the deeper Bluegrass Creek valley. The south-oriented Tunnel Creek valley eroded headward in a north direction as it captured the southeast-oriented flow and diverted the water to the deep Bluegrass Creek valley. Subsequently Laramie River valley headward erosion beheaded southeast-oriented flow routes to the Tunnel Creek valley (now through valleys 1 and 2) to create drainage routes that exist today. Evidence seen in Figure 4 suggests the Laramie River valley eroded headward across and captured large volumes of southeast-oriented water that once flowed to the Bluegrass Creek valley, which today leads to the northeast-oriented Sybille Creek valley and eventually to the Great Plains and the Laramie River valley. 
Bluegrass Creek Bedrock-Walled Valley
Goshen Hole Relationship to the Bedrock-Walled Valleys
Discussion
The multiple streams now flowing across the Laramie Range, the diverging and con- there is no evidence a large lake ever existed in the upstream Laramie River drainage basin, much less that such a lake catastrophically drained. Alpine glaciation has been reported in the Laramie River headwaters area [21] and in the Medicine Bow River headwaters area [22] , but volumes of water contained in those small alpine glaciers, even with rapid melting, could not have produced the large and prolonged floods required to erode the landforms this paper describes.
Further complicating the picture is headward erosion of the east-oriented diverging and converging valley complex now crossing the Laramie Range appears to have captured multiple streams of south or southwest-oriented water that most likely came from somewhere to the north of the Laramie Range, yet today all possible source areas to the north have much lower elevations than the Laramie Basin floor, which is lower in elevation than Laramie Range areas the southor southwest-oriented water would have had to have crossed. Also evidence pre- 
Conclusions
Topographic map evidence presented here makes a strong case that immense 
